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UNITARY ABSORBENT LAYER 
Field of the Invention 

thesan^^^'T""' '° '^^^^ '"^^'^ods for making 

the same and, more particularly, to a unitary absorbent layer. 

Backgrounrf of the Invention 

article.?""'"' ""^^ P"'" "^^"^ ^ --«ty of absorbent 

articles for example, diapers, incontinence products, and feminine hygiene products 

Z iTh ^^^^^ *° ^ « for 

well as to have good strength characteristics for durability. In addition to absorbem 

7sT. " ''''''' ^ "'^"^^ ^ " ^-ic of " 

absorbem art.de. For example, diapers and other hygienic products that do not 

conUin a dedicated liquid acquisition componem suffer from measurable urine 

containmem problems as weU as rewet. that is. the feeling of dampness to touch after 

One solution to the problem of providing absort,em articles that possess the 

i'rr"\'"T^" ^^p'^ '^^-^ 

supenor rewet performance has been the production of absorbem articles ti, . 
combme an acquisition layer with one or more other layers. For example the 
combmation of one layer having rapid liquid acquisition characteristics with anther 

boThlayrr? ' ^'^-"^-S- °f 

A recognized problem with conventional acquisition layers is their tendency to 
coUapse upon wetting. Such a wet collapse impairs the permeability of the strucL^ 
and can result m liquid leakage from the absorbem article. 
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Another recognized problem with ceilulosic-based acquisition layers that are 
air laid on diaper lines is their relatively poor dry and wet integrity. Upon movement 
and/or wettmg. the acquisition layers can crack, bunch, and disintegrate all of which 
adversely affect fluid transfer between the layers and significantly impact the layer's 
flmd-handlmg capability. Furthermore, consumers react negatively to bunched 
diapers. 

It has also been recognized that forming fibrous webs that contain high levels 
of crosshnked cellulosic fibers and/or in combination with synthetic fibers is difficuh 
because of the flocculent nature of the fibers. In addition, due to the low density of 
the fibers, large quantities of such webs having appreciable roll life for diaper line 
production are diflBcuIt to provide. 

Accordingly, there exists a need for an acquisition layer that can be 
mcorporated into an absorbent article that has enhanced dry and wet integrity 
increased resistance to wet coUapse. and provides increased permeabUity and porositj^ 
to effect the rapid acquisition and distribution of acquired liquid and improved rewet 
performance. A need also exists for delivering such a material in a form which 
reduces the material handling problems associated with bulky webs The present 
invention seeks to fulfill these needs and provides fiirther related advantages. 

Summar y of the Inventinn 

The present invention is a unitary absorbent layer that includes a fibrous 
material and a binder. In a preferred embodiment, the absorbent layer includes a 
thermally bonded mixture of crosslinked cellulose fibers and multicomponent binding 
fibers. In combmation with one or more other layers in an absorbent article the 
umtary absorbent layer can rapidly acquire, distribute, temporarily store, and then 
release the acquired liquid to other liquid retention layers. The unitary absorbent layer 
can be formed by foam forming processes. 

Brief Descriptinn of the Drawing s 

The foregoing aspects and many of the attendant advantages of this invention 
wdl become more readily appreciated as the same becomes better understood by ' 
reference to the following detailed description, when taken irv^njuirction with the 
accompanying drawings, wherein: 

FIGURE 1 is a schematic view of one absorbent article incorporating a unitaiy 
absorbent layer produced in accordance with the present invention; 

FIGURE 2 is a schematic view of another absorbent article incorporating a 
umtary absorbent layer produced in accordance with the present invention; 
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FIGURE 3 is a schematic view of still another absorbent article incorporating 
a unitary absorbent layer produced in accordance with the present invention- 

FIGURE 4 is a schematic view of yet another absorbent article incon)orating a 
uratary absorbent layer produced in accordance with the present invention 

FIGURE 5 is a schematic view of another absorbent article incorporating a 
unitary absorbent layer produced in accordance with the present invention- 

FIGURE 6 is a graph comparing the acquisition time and rewet performance 
of a diaper incorporating a representative unitary absorbent layer formed in 
accordance with the present invention; and 

FIGURE 7A and 7B are photographs of a representative unitary absorb^ • 
layer formed m accordance with the present invention and a wet laid absorbent layer 
respectively. ' ' 

Detailed Descriotion of th^ Preferred Fmh/^w^.»,^»♦ 
In one aspect, the present invention provides a unitary absorbent layer Uiat 
includes a fibrous material and a binder. Generally, the fibrous material includes one 
or more hydrophilic fibers and. optionally, additional fibers such as hydrophobic fibers 
mcludmg syntiietic fibers. The unitaxy absorbent layer of tius invention has increased 
wet and dry integrity and improved pore size uniformity compared to conventional 
acqu.s.Uon layers. The unitaiy absorbent layer of tite present invention can be 
incorporated into a variety of absori,ent products and articles to increase tiie liquid 
acquisition rate, improve the rewet performance, and enhance U^e wet and dry 
mtegnty of the absorbent article. Thus, the unitary absorbent layer is an absori,ent 
layer that is usefid as an acquisition layer in absori,ent products. 

In another aspect of the present invention, a foam forming method for 
producmg a unitary absorbent layer is provided. 

In addition to serving as an acquisition layer tiiat can rapidly acquire fluid and 
reduce rewet, because of increased permeability and pore size uniformity, the unitary 
absorbent layer of the invention can also ser^e as a distribution layer that transports 
hquid from the site of insult throughout the composite, and then ultimately to a higldy 
absorbent core or permanent retention layer. Furthermore. becaOse orfhe substantial 
absorbent capacity of the composite's fibrous material, tiie unitary absorbent layer can 
also serve as a storage layer. Thus, when configured in combination witi, other layers 
m an absorbent construct, the unitary absorbent layer serves as a temporary storage 
layer tiiat can rapidly release Uquid to otiier core or retention layers. As used herein 
the term -temporary storage" refers to the ability of a material to temporarily provide 
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holding capacity for a liquid until an external force drains the fluid frocn the material 
The external force can be. for example, greater capillary pressure or other>vise exerted 
by an adjacent storage layer. 

Generally, the unitary absorbent layer of the present invention includes a 
fibrous material in combination with a binder. As used herein, the term "fibrous 
matend refers to ar,y material that includes one or more hydrophilic fibers and 
opuonally. additional fibers such as hydrophobic fibers including synthetic fibers' 
Synthetic and/or hydrophobic fibers can also be included in the absod^nt layer 
provided that the overall composite remains relatively hydrophilic and maintains the 
advantageous properties of wet integrity and permeability characteristic of the unitary 
absort,ent layer ofthe present invention. In a preferred embodiment, the hydrophZ 
fibers mclude cellulosic fibers, and more preferably crosslinked cellulosic fibers 
Suitable and preferred ceUulosic fibers are described below. Cellulosic fibers can be 
P;^^^* ^« '^y- ^ ^ount from about S"/. to about 95%. preferably from about 
15 70% to about 90%, by weight ofthe total layer. 

In addition to the cellulosic fibers noted above, synthetic fibers can also be 
included m the unitary absorbent layer of the present invention. Suitable syntiietic 
fibers mclude, for example, polyethylene terephthalate (PET), polyethylene 
polypropylene, nylon, and rayon fibers. 

For the unitary absorbent layers of this invention that include synthetic fibers 
the performance ofthe composite has been found to be dependent upon a number of 
faaors including the length, denier (g/m), and physical nature ofthe synthetic fibers 
Suitable syntiietic fibers usefid in forming the acquisition composite can have a length 
up to about 2 inches, and preferably have a lengtii between about 0.25 and about 
1.5 inches. One advantage of the foam method for forming the unitary absorbent 
layer of the mvention is tiiat, unlike air laid and wet laid methods, relatively long fibers 
can be readUy accommodated by the process. Suitable fibers include fibers having 
demer up to about 40 denier, and preferably between about 5 and about 20 denier 
While straight fibers can be advantageously used in tiie formation .of tiie acquisition 

composite, m a preferred embodiment, the fibers are crimped , 

Cellulosic fibers are a basic component of the unitary absorbent layer of with 
the present mvention. Although available from other sources, cellulosic fibers are 
denved primarily from wood pulp. Suitable wood pulp fibers for use with tiie 
mvention can be obtained from well-known chemical processes such as the Kraft and 
sulfite processes, with or without subsequent bleaching. The pulp fibers may also be 
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processed by them^omechanical. chemithermomechaaical methods, or combinations 
thereof. The preferred pulp fiber is produced by chemical methods. Ground wood 
fibers, recycled or secondary wood pulp fibers, and bleached and unbleached wood 
pulp fibers can be used. The preferred starting material is prepared from long fiber 
coniferous wood species, such as southern pine. Douglas fir. spn.ce. and hemlock 
Details of the production of wood pulp fibers are well-known to those skilled in the 
art. These fibers are commercially available fi-om a number of companies including 
Weyerhaeuser Company, the assignee ofthe present invention. For example suitable 
cellulose fibers produced from southern pine that are usable with the present invent 
are available from Weyerhaeuser Company under the designations CF416 NF405 
PL416, FR516. and NB416. 

The wood pulp fibers useful in the present invention can also be pretreated 
pnor to use with the present invention. This pretreatment may include physical 
treatment, such as subjecting the fibers to steam, or chemical treatment, for example 
crosshnking the ceUulose fibers usmg any of a variety of conventional crosslinking 
agents such as dimethyldihydroxyethylcneurea. Crosslinking the fibers for example 
increases their resiliency, and thereby can improve their absorbency. The fibers may 
also be twisted or crimped, as desired. Suitable crosslinked cellulose fibers produced 
from southern pine are available from Weyerhaeuser Company under the designation 
NHB416. Crosslinked cellulose fibers and methods for their preparation are disclosed 
m U.S. Patent No. 5.225.047. issued July 6. 1993. entitled "Crosslinked Cellulose 
Products and Method For Their Preparation." expressly incorporated herein by 
reference. 

Although not to be construed as a limitation, examples of pretreating fibers 
include the application of fire retardants to the fibers, and surfactants or other liquids 
such as water or solvents, which modify the surface chemistry of the fibers Other 
pretreatments include incorporation of antimicrobials, pigments and densification or 
softening agents. Fibers pretreated with other chemicals, such as thermoplastic and 
thermosetting resins also may be used. Combinations of pretreatments also may ' 
employed. Similar treatments can also be applied after the composite formation u. 
post-treatment processes. 

Cellulosic fibers treated with panicle binders and/or densification/softness r^S ■ 
known in the art can al.so be employed in accordance with the present invention The 
particle binders serve to attach other materials, such as cellulosic fiber superabsorbent 
polymers as well as others, to the cellulosic fibers. Cellulosic fibers treated with 
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suitable particle binders and/or densification/softness aids and the process for 
combining them with cellulose fibers are disclosed in the following U.S. patents and 
patent apphcations: (1) Patent No. 5,543.215. entitled "Polymeric Binders for 
Bmdmg Particles to Fibers"; (2) Patent No. 5.538.783. entitled "Non-Polymeric 
5 Orgamc Bmders for Binding Particles to Fibers"; (3) Patent No. 5.300 192 entiUed 
"Wet Laid Fiber Sheet Manufacturing With Reactivatable Binders for' Binding 
Particles to Binders;" (4) Patent No. 5.352.480. entitled "Method for Binding Particle 
to Fibers Usmg Reactivatable Binders"; (5) Patent No. 5.308,896, entitled "Particle 
Bmders for High-Bulk Fibers"; (6) Serial No. 07/931.279. filed August 17 1992 
10 entitled "Particle Binders that Enhance Fiber Densification"- (7) ' Serial 
No. 08/107.469, filed August 17. 1993. entitled "Particle Binders- (8) Serial 
No. 08/108.219. filed August 17. 1993. entitled "Particle Binding toVibers"- (9) 
Serial No. 08/107.467, filed August 17. 1993. entitled "Binders for Binding Water 
Soluble Particles to Fibers"; (10) Patem No. 5.547,745. entitled "Particle Binders"- 
15 (11) Serial No. 08/108.218. filed August 17. 1993, endUed "Particle Binding to 
Fibers"; and (12) Patent No. 5.308.896. entitled "Particle Binders for High-Bulk 
Fibers," all expressly incorporated herein by reference. One example of a suitable 
densification/softness aid is a mixture of 70% sorbitol and 30% glycerin The 
composite is treated with sorbitol and glycerin by spraying the composite with the 
mixture and passmg the composite through a roll coater. or other means of adding a 
liquid to a composite familiar to those skilled in the art. 

Materials that enhance absorijent capacity, such as superabsoibent polymers 
can also be combined with the unitary absorbent layer of the present invention A 
superabsorbent polymer as used herein is a polymeric material that is capable of 
absorijing large quantities of fluid by swelling and forming a hydrated gel (hydrogel). 
The superabsorbent polymers also can retain significant amounts of bodily fluids 
under moderate pressures. Superabsoibent polymers generally fall into three classes 
namely, starch graft copolymers, crosslinked caiboxymethylcellulose derivatives and 
modified hydrophilic polyacrylates. Examples of such absorbem polymers are 
hydrolyzed starch-acrylonitrile graft copolymer, a neutralized starch-acrylic acid graft 
copolymer, a saponified acrylic acid ester-vinyl acetate copolymer, a hydrolyzed 
aciylomtnle copolymer or acrylamide copolymer, a modified crosslinked polyvinyl 
alcohol, a neutralized self-crosslmking polyacryUc acid, a crosslinked polyacrylate salt 
carboxylated cellulose, and a neutralized crossUnked isobutylene-maleic anhydride 
copolymer. The superabsorbem polymeric materials can be combined with the layer's 
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fibers in amounts up to about 5%. and preferably about 2%. by weight based on the 
total weight of the layer. 

Superabsorbent polymers are available commercially, for example, starch graft 
polyacrylate hydrogel fines fi-om Hoechst-Celanese of Portsmouth. Virginia. These 
superabsorbent polymers come in a variety of sizes, morphologies and absorbent 
properties. These are available from Hoechst-Celanese under trade designations such 
as IM 1000 and IM 3500. Other superabsorbent particles are marketed under the 
trademarks SANWET (supplied by Sanyo Kasei Kogyo Kabushiki Kaisha). SUMIKA 
GEL (supplied by Sumitomo Kagaku Kabushiki Kaisha). which is suspension 
polymerized and spherical, as opposed to solution polymerized ground particles, 
FAVOR (supplied by Stockhausen of Greensboro. North Carolina), and 
NORSOCRYL (supplied by Atochem). Other superabsorbent polymers are described 
in U.S. Patent No. 4, 160.059; U.S. Patent No. 4,676.784; U.S. Patent No. 4,673 402- 
US. Patent No. 5.002,814; U.S. Patent No. 5,057.166; U.S. Patent No. 4!l02!34o' 
and U.S. Patent No. 4.818,598, expressly incorporated herein by reference. Products 
such as diapers that incorporate superabsorbent polymers are shown in U.S. Patent 
No. 3,669,103 and U.S. Patent No. 3,670,731. 

The unitary absorbent layer of the present invention is formed by combining a 
fibrous material (i.e., one or more hydrophilic fibers optionally in combination with 
one or more hydrophobic and/or synthetic fibers) with a binder. As used herein, the 
term "binder'' refers to a system that is effective in intertwining and/or bonding the 
fibers to each other and/or the fibers of the binder. Suitable binders include bonding 
agents such as thermoplastic and thermosetting bonding agents, soluble bonding 
mediums used in combination with solvents, and wet strength agents. Alternatively, 
the absorbent layer's hydrophilic fibers can be intertwined and/or bonded through a 
mechanical process including, for example, hydroentanglement, embossing, 
tenderizing, and needling processes. 

Suitable binders include bonding agents, such as cellulosic and synthetic 
fibrous materials, and soluble bonding mediums as described below.- In one preferreH 
30 embodiment, the binder is a synthetic fibrous material, such as CelbT)nd® (Hoechsi 
Celanese) and D-271P® (DuPont). In another preferred embodiment, the binder 
mdudes a soluble bonding medium, more preferably cellulose acetate used ir 
combination with the solvent triacetin. Generally, the binder is included in tht 
composite in an amount up to about 30%, and preferably about 20%, by weight of the 
35 total composite 
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Bonding agents useful in the binder in accordance with the present invention 
are those materials that (a) are capable of being combined with and dispersed 
throughout a web of cellulosic fibers, (b) when activated, are capable of coating or 
othenv.se adhering to the fibers or forming a binding matrix, and (c)when 
deactivated, are capable of binding at least some of the fibers together. The use of 

T Z^T """^ " '"^'^^^^ U-^- P^*-^ application Serial 

No 08/337.642. filed November 10. 1994. entiUed "Densified Cellulose Fiber Pads 
and Methods of Making the Same," expressly incoT,orated herein by reference 

Suitable bonding agents include thermoplastic materials that are activated by 
melting at temperatures above room temperature. When these materials are melted 
they will coat at least portions of the cellulose fibers with which they are combined' 
When the thermoplastic bonding agents are deactivated by cooling to a temperature 
below their meh point, and preferably no lower than room temperature, the bonding 
agent will upon solidifying from the melted state cause the ceUulose fibers to be bound 
m a matrix. 

Thermoplastic materials are the preferred binders, and can be combined with 
the fibers m the form of particles, emulsions, or as fibers. Suitable fibers can include 
those made from thermoplastic polymers. ceUulosic or other fibers coated with 
thermoplastic polymers, and multicomponent fibers in which at least one of the 
components of the fiber comprises a thermoplastic polymer. Smgle and 
multicomponent fibers are manufactured from polyester, polyethylene, polypropylene 
and other conventional thermoplastic fiber materials. The same thermoplastics can be 
used m particulate or emulsion form. Many single component fibers are commercially 
available. Suitable multicomponent fibers include Celbond® fibers, a bicomponent 
fiber, available from Hoechst Celanese Company. Suitable coated fibers can include 
cellulose fibers coated with latex or other thermoplastics, as disclosed in U S Patent 
No. 5.230.959. issued July 27. 1993. to Young et al.. and U.S. Patent No 5 064 689 
.ssued November 12. 1991, to Young etal. The thermoplastic fibers are pref<iably 
combined with the cellulose fibers before or during the laying process. When used in 
particulate or emulsion form, the thermoplastics can be combined -with the cellulose 
fibers before, during, or after the laying process. 

Other suitable thermoplastic bonding agents include ethylene vinyl alcohol 
polyvinyl acetate, acrylics, polyvinyl acetate acrylate. polyvinyl dichloride. ethylene 
vinyl acetate, ethylene vinyl chloride, polyvinyl chloride, styrene. styrene acrylate 
styrene butadiene, styrene acrylonitrile. butadiene acrylonitrile. acrylonitrile butadiene 
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Nonvolatile solvents may be dissipated in most part by absorption into the bonding 
medium. It is preferred that the solvent be of limited volatility, so that little or no 
solvent will be lost to the atmosphere. By limited volatility it is meant that the solvent 
has a vapor pressure of 29 kPa or less at 25°C. Using a solvent of limited volatility 
5 may mitigate precautions usually necessary to control volatiles, and reduces the 
amount of solvent required to partially solubilize the bonding medium. In addition, 
use of solvents of limited volatility may eliminate the attendant processing problems 
encountered with volatile solvents, many of which are flammable and must be handled 
with care. The use of solvents of limited volatility may also reduce environmentiJ 
10 problems. Furthermore, it is desirable for solvents to be nontoxic and capable of 
being dissipated from the surface of the bonding medium without adversely affecting 
the overall strength of the bonding medium. 

Preferred bonding mediums and solvents of limited volatility are listed in the 
table set forth below, 

15 



Bonding Medium 


Solvent 


cellulose acetate 


triacetin 




propane diol diacetate 




propane diol 




dipropionate 




propane diol dibutyrate 




triethyl citrate 




dibutyl phthalate 


cellulose nitrate 


triacetin 


cellulose butyrate 


triacetin 


vinyl chloride/vinyl acetate copolymer 


triacetin 


cellulose fibers coated with polyvinyl acetate 


triacetin 



Of the several bonding mediums listed, cellulose acetate is the most preferred. 
During manufacture of cellulose acetate fibers, a finish is usually applied to the fibers. 
Many times this finish is in the form of an oil. The presence of the finish sometimes 
detracts from the performance as a bonding medium. The presence of a finish may 
adversely affect the development as well as the strength of the bonds. It has been 
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styrene ethylene acn^Iic acid, urethanes. polycarbonate, polyphenylene oxide and 
polyimides. * 

Therrnosetting materials also serve as excellent bonding agents for the present 
mvention. Typ.cal thermosetting materials are activated by heating to elevated 
temperatures at which crosslinking occurs. Alternatively, a resin can be activated by 
combimng .t witi, a suitable crosslinking catalyst before or after it has been applied to 
the cellulose fiber. Thermosetting resins can be deactivated by allolg the 
crosshnlang process to run to completion or by cooUng to room temperature at 
whrch pomt crossUnking ceases. When crosslinked. it is believed that 'the 
thermosetung materials fonn a matrix to bond the cellulose fibers. It is contemplated 
that other types of bonding agents can also be employed, for example, those that are 
activated by contact with steam, moisture, microwave energy, and other conventional 
means of activation. 

Thermosetting bonding agents suitable for the present invention include 
phenohc resms, polyvinyl acetates, urea formaldehyde, melamine formaldehyde and 
acryhcs^ Other thermosetting bonding agents include epoxy. phenolic, bismaleimide 
polyimide. melamine formaldehyde, polyester, urethanes, and urea. 

These bonding agents are normally combined with the fibers in the form of an 
aqueous emulsion. They can be combined with, the fibers during the laying process 
Alternatively, they can be sprayed onto a loose web after it has been formed 

As noted above, the binder utilized in accordance with the present invention 
can also be a soluble bonding medium that can be incoqjorated with the pulped 
ceUulosic fibers, either in fiber form, or as particles or granules. If desired the 
bondmg medium can also be coated onto solvent insoluble fibers, such as cellulosic 
fibers, which can then be distributed throughout the matrix of pulped cellulosic fibers 
It .s presenUy preferred that the bonding medium comprise a fiber and be mixed with 
the pulped ceUulosic fibers during, for example, the formation of a fluff web by 
conventional air laid processes. The use of soluble bonding mediums with cellulose 
fiber webs is disclosed in U. S. patent application Serial No. 08/669,406 filed July 3 
1996. entitled "Fibrous Web Having Improved Strength and MethocLof Making the 
Same, expressly incorporated herein by reference. 

The solvents employed in accordance with the present invention must of 
course be capable of partially solubUizing the bonding medium as described above 
The solvents must be able to partially dissipate or migrate from the surface of the 
bondmg medium to allow the bonding medium to resolidify after partial solubilization 
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found that when the bonding fibers are as straight as possible, as opposed to curled or 
kinked, they provide more contact points with the cellulosic fibers, and thus the fin ? 
web will develop better strength. Similarly, when the bonding fibers are as long as is 
reasonably possible, the strength of the final web is increased. In addition to the 
foregoing, cellulose ethers and other cellulose esters may also be used as bonding 
medium. Acetyiated pulp fibers may also be used as bonding medium and may be 
substituted with any number of acetyl groups. A preferred degree of substitution 
(D.S.) would be 2 to 3, and a most preferred D.S. would be 2.4. 

The solvents used in combination with the bonding medium can be adi; 
varying amounts. Strength is adversely affected if too little or too much solvent is 
added. At a cellulose acetate/pulp weight ratio of 10:90, it has been found that the 
solvents, and particularly triacetin, provide good strength when added in amounts 
ranging fi^om 6% to 17%. and most preferably in the range of 9% to 14%. based on 
the weight of pulp fiber present. 
15 The preferred forms of the solvents propane diol diacetate, dipropionate, and 

dibutyrate are the 1. 2 and 1. 3 forms. Other suitable solvents that work in 
accordance with present invention are butyl phthalyl butyl glycolate, N-cycIohexyl- 
p-toluenesulfonamide, diamyl phthalate, dibutyl phthalate. dibutyl succinate, dibutyl 
tartrate, diethylene glycol dipropionate, di-(2-ethoxyethyl) adipate, di-(2-ethoxyethyI) 
phthalate, diethyl adipate. diethyl phthalate. diethyl succinate, diethyl tartrate, di- 
(2-methoxyethyl) adipate. di-(2-methoxyethyl) phthalate. dimethyl phthalate. dipropyl 
phthalate, ethyl o-benzoylbenzoate, ethyl phthalyl ethyl glycolate, ethylene glycol 
diacetate. ethylene glycol dibutyrate, ethylene glycol dipropionate, methyl 
o-benzoylbenzoate. methyl phthalyl ethyl glycolate. N-o and p-tolylethylsulfonamide, 
o-tolyl p-toluenesulfonate. tributyl citrate, tributyl phosphate, tributyiin, triethylene 
glycol diacetate, triethylene glycol dibutyrate. triethylene glycol dipropionate. and 
tripropionin. 

The binder useful in the composite of this invention can also include polymeric 
agents that can coat or impregnate cellulosic fibers Suitable agents include cationic 
30 modified starch having nitrogen-containing groups (e.g.. amino groups)"such as those 
available from national Starch and Chemical Corp., Bridgewater, NJ; latex; wet 
strength agents such as polyamide-epichlorohydrin resin (e.g.. Kymene™ 557R 
Hercules. Inc.. WUmington. DE). polyacrylamide resin (described, for example, in 
U.S. Patent No. 3.556,932 issued January 19. 1971 to Coscia et al.; and commercially 
available polyacrylamide marketed by American Cyanamid Co., Stanford, CT 
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the designation Parez™. for example, Parez^M 631 NCV ur^ f« m i. . 

we, «e„gu, .«i„. uuiized in ,Ke paper flCd, and generally appU.e inTe^ 
.™ can be f<M.nd in TAPP, monograph series No. 29. -We, Suenjh in 
and Pap^board-. Technical Associa,io„ of .he Pulp and Paper todusuyTeT 

umtary absort^n, layer .ha. include a „« s.reng.h agen. as a binder. ,he JT^ll 
agen. .s present in .he layer in an an«,„n. from abou. 0 1% ,o abou. 2 ^/ 
from abou. 0.5% .o abou. ,.0-/.. by weigh, of U.e ,oul lay^ 

fih ''T'^'^: '"""^'^ incorpora.ed in.o or on.o the hydrophilic 

fibrous web U,a. ,s fonned in .he producdon of .he uniury absorben. la^er 
2- can be add^ .o pulp prior .o web fonnaUon. by app^ng .he bi„d« .o^ 

foam fonned web after web deposiUon. after drying, or a combinaUon .hereof 

Addrtives can also be incon,ora.ed in.o a uni.a.y absorben. layer of U,e present 
.nvenuon dun.^ composite fonnation. The advanuge of i„con>craLg .he JZ^ 

by c^atn of li. solven.s and bound in .he ma.rix by U,e bonding medium This 
provdes a stgntfican. advan.age in ,ha. the additives can be dispeL and retained 
^oughout U,e matrix where desired. For example, the addiUves may b. evl^ 
Aspersed and retatned throughou. U,e .na.rix. Addi.ives that can be inco« into 

adsorbe^^ «,ch as days. zeoU.es ^ ac.iva.ed carton. brightLs such as 
.rr^d f - "-donate. Solvents can also 

are attached and bound .o Ae matrix by the bonding medium 

umtarv Ih ""^^ """"^ """-"^ Producing a 

produc«i m accordance wtth the present invenuon by foam processes known in the 
an- See. for example, U.S. Patents Nos. 3.716,449 3 839 142 3 871 957 
3^37,273 3.938.782. 3.947.315; 4.,6.,090; 4.257,7M; atid „ 5.^' to 
Vr^^ns Teape and related .o the forma.io„ of fibrous materials ftom foaij^ 

fn O n T"' '"^ ^ ' Fiber-Suspending Medium 

■n Qualtty Papennaking.- Foaffls. Proceedings of a Symposium organiii by the 
Soctety of Chemical Indus.,y. Colloid and Surftce Chemis.,y Group. L Mer^^ 
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Academic Press. 1976. which describes the Radfoam process all . . 
incorporated herein by reference. * e'^P«-«sly 

Generally, in one embodiment, the methods for forming the unitarv »h , 
layer of this invention include combining a fibrous materia, with I binderT U "^u 
depositing the resulting fibrous m..ure onto a foraminousCo' Ijte^^^^^^^^ ' 
web of fibrous material may be treated a suitable binder AltemaUvely, . 

web containing th. f^u - " ^^e depositea 

weo containing the fibrous matena^ and binder i« thA« o u- . ^ 

.o ^.z r r :ir r 

.he bmder ,o provide the absorbent Uyer of the invention 

-.Jrirritbr.^^^^^^^ 

surfactant. ^ow„ i„ tHe art. .n the method, the deposi.ed^iu^r artl^IuT,:: 
^n,p„»,e and these methods inCude the step of rentoving aUeas. so J ZZZ 
water from the composite deposited on the foraminous suppon The depoled 

:z::::;:-^rs'" ■ 

The unitary absorbent layer of the present invention is prepared by a foarr 
on^g process For fabHcaUon, the unitary absorbent layer is fo'rmed Z' 
process, preferably a process by Ahlstrom Company (Helsinki. Finland) This pro^ 
encompasses desirable manufactudng efficiencies while producing I I^ZTl 
exceU^rt performance. The formation of a representative unitary ab^.^" 
he pr^ent .nvenuon by repre^mative foam processes is described in Examp J, aT 
The perfonnance characteristics of representative umtary d>so,bent layers 
produced by dre methods noted above are described in ExamplesTand 5 

dc^ty and relatrve y high tensile strength For webs composed of substantially Z 
^ «mpone„,s foam formed webs generally have densities greater than air laid 
w*s and lower than wet laid webs. Similariy. the tensile strength of foam forn«d 

latd webs. For fibrous webs that are thermally consolidated, for exantple webs that 

tenstle strength ts less dependent on the method for forming. However for such 
webs, their density can vao. depending on the method of fon™!g 

For example, the we. and dry density of a representative unitary absor-. 
Uyer of the present invention is compared to wet laid absortent layer^n ,br.ab„ 
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below. Both layers are a thermally bonded blend of crosslinked cellulosic fibers (80«/. 
by weight) and bicomponent binding fibers (20% by weight). 

Formation Method Div(e/cm^^ Wet(e/cm^^ 

^ Wet Laid 0.042 0.084 

Foam Formed 0.033 0.081 

The dry tensUe strengths of the representative unitary absorbent layer of the 
present mvention and the wet laid absorbent layer noted above and having basis 
1 0 weights of 70 g/m^ are compared in the table below. 

Formation Method MP Drv C^ in) 

Wet Laid 431 
Foani Formed 497 
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Web density reflects web pore size. The pore size of an air laid web U 
generally greater than the pore size of a wet laid web. The pore size of webs formed 
by foam processes is generally greater than for wet laid webs and less than for air laid 
webs. In addition to providing greater control over the characteristics of webs 
formed by the process, foam processes generally provide fibrous webs having 
substantiafly uniform pore size compared to air and wet laid webs. The difference in 
the uniformity of the representative unitary absorbent layer and the wet laid absorbent 
layer noted above is fllustrated in HGURES 7A and 7B. respectively. As shown in 
FIGURE 7A, the foam formed layer is significantly more homogeneous than the 
comparable wet laid layer shown in FIGURE 7B. The improved iFormation of the 
umtary absorbent layer relative to the wet laid layer is apparent from the figure. The 
uniformity of the foam formed layer is unexpected considering that the fibers of the 
layer are crossUnked ceUulosic fibers which, because of their morphology, generally 
provide relatively high bulk, resilient, and nonhomogeneous stmctures. 

The unitary absorbent layer of the present inventjon_geneLally has a basis 
weight from about 10 to about 1500 g/m^, and preferably from about 20 to about 
500 g/m2 In a more preferred embodiment, the absorbent layer has a basis weight in 
the range from about 40 to about 400 g/m^. 

Generally, the unitary absorbent layer has a density from about 0.02 to about 
35 0.2 g/cm3. and preferably from about 0.04 to about 0. 10 g/m^. In one embodiment. 
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the unitary absorbent layer is a densified composite. Generally, densified products 
have improved liquid distribution properties relative to undensified prodi : 
Densification methods useful in producing the densified composites of the present 
invention are well known to those in the art. See, for example, U.S. patent 
application Serial No. 08/337,642, filed November 10, 1994, entitled -Densified 
Cellulose Fiber Pads and Methods of Making the Same." expressly incorporauJ 
herein by reference. Densified unitary absorbent layers of this invention generally 
have a density fi-om about 0.1 to about 0.6 g/cm^, and preferably fi-om about 0.2 to 
about 0.4 o/vn?. 

Preferably, the unitary absorbent layer of the invention is an undensified 
composite. Accordingly, production methods used in connection with the absorbent 
layer preferably do not include subjecting the absorbent layer, or absorbent articles 
that incorporate the absorbent layer, to densification conditions. For example, in the 
production of diapers that incorporate the absorbent layer of the present invention, the 
15 absorbent layer is preferably incorporated into the diaper after the diaper has been 
subjected to the application of pressure such as, for example, being passed through a 
calender roll. 

The unitary absorbent layer can be produced in a number of forms including 
sheets and rolls, and having a variety of thicknesses. 

2^ The unitary absorbent layer of the invention is generally characterized as 

having increased wet integrity (i.e., increase resistance to wet collapse) compared to 
conventional acquisition layers. The increased wet pad integrity of the absorbent 
layer of this invention prevents wet collapse and tearing of the composite during liquid 
insult and thereby avoids leakage during insult fi-om absorbent articles that 

25 incorporate the acquisition layer. For example, a representative wet Imd acquisition 
layer formed in accordance v/ith the present invention having a basis weight of 300 
g/m^ had a wet tensile strength of about 400 g/inch. Smiilariy, other representative 
wet laid acquisition layers having basis weights of 50 and 40 g/m^ had tensile 
strengths of 120 and 90 g/inch, respectively. In comparison, the tensile strength of an 

30 air laid acquisition layer made of 100% crosslinked fibers and-having a-Sasis weight of 
300 g/m^ was below the detection limit of the tensile strength determining method. 
The tensile strength determination is described in Example 5. 

The unitary absorbent layer of the invention also has increased pore size 
uniformity compared to conventional acquisition layers. The composite's unif: . : 

35 pore size is maintained during liquid insult and thereby effectively facilitates transport 
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and distribution of the acquired liquid from the point of initial insult to other portions 
of the composite and. ultimately, to the absorbent article's core or permanent storage 
layer where the liquid is finally absorbed. 

The unitary absori^ent layers of the present invention are generally softer to 
the touch than comparably composed wet laid layers. The softness of the 
representative unitary absorbent layer of the present invention and the wet laid 
absorbent layer noted above are compared in the table below. Softness was evaluated 
by a panel of 25 persons who ranked various materials on a softness index scale from 
1 (rough surface feel) to 10 (soft surface feel). 

Formation Method Soft Index 

Wet Laid 3 7 

Foam Formed 5 4 
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Depending upon the nature of the absorbent construct, an absorbent article 
mcorporating the unitary absorbent layer may include one or more additional layers, 
such as a core layer O-e., permanent storage layer) (see, for example, FIGURES 3-5)' 
In such a constaict, in addition to rapidly absorbing the acquired liquid the 
acquismon composite has absorbent capacity sufficient to temporarily hold the 
acquired liquid and therefore provide time sufficient for the core layer to permanenUy 
absorb hquid from the acquisition composite. 

As noted above, the unitary absorbent layer can be incorporated in an 
absorbent article as an absoitent acquisition/distribution layer. The absorbent layer 
can be used alone, or as illustrated in HGURE 1, can be used in combination with one 
or more secondary layers. In FIGURE 1. unitary absorbent layer 10 is employed as 
an upper acquisition/distribution layer m combination with a storage layer 20 
composed of. for example, a fibrous web. Storage layer 20, if desired, can also 
comprise a densified layer of bonded cellulose fibers. As iUustiated in FIGURE 2, a 
third layer 30 (e.g., a core or retention layer) can also be employed, if desired witil a 
storage layer 20 and unitary absorbent layer 10. If desired, tiie retention layer' 30 can 
also be composed of a fibrous web such as, for example, densified bonded cellulose 
fibers. 

A variety of suitable cdnstmcts can be produced from the unitary absorbent 
layer. The most common include absorptive consumer products such as diapers, 
feminine hygiene products such as feminine napkins, and adult incontinence products' 
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For example, refemng .„ FIGURE 3. an absorten, anide 40 compri.es u,uta,y 
absorb™. Uyer ,0 and an underlying storage layer 20. A liquid pervious facing 
sh«:. 16 overhes u^tao, absorbent layer 10, and a liquid impervious backing sheet 18 
underlies the storage layer 20 The unitaty absorbent layer will provide advantageous 
Itqutd acqu,s,„on perfonnance for use in, for example, diapers. The capillary 
strucntre (..e., pore size, pore size unifonnity. and penneability) of the acquisition 
compostte w,U aid in fluid transport in multiple wettings. Generally, the storage 
layer 20 mcludes a fibrous web. for example, a strengthened web of cellulose Sbe^ 
and may also incorporate additives, such as superabsoAent polymers ,o significanti; 
mcrease the absorbent capacity of the storage layer 20. 

The article of FIGURE 3 can be assembled such that uniuuy, absorbent 
layer 10 ,s brought into contact with the storage layer 20 while the binder in the latter 
.s still acove. Such a procedure will allow the storage layer to bond to at least the 
lower surface of layer 10. and thus eliminate the need to use hot melt glues to bond 
adjacent layers, 

A stronger bond between layer 10 and the storage layer 20 can be achieved by 
contacting the layer with the storage layer while the layer's binder is still active 
Similarly, laying the storage layer 20 on the backing sheet 18 while the binder of the 
storage layer is still active results in the bonding of layer 20 to the backing sheet 18 
In a similar manner, layer 10 may be bonded to the facing sheet 16 by laying the 
facing sheet on layer 10 while the binder therein is still active. Interbonding between 
layers can generally enhance and further facilitate fluid transport across the layer 
interface. 

The constnict in FIGURE 3 is shown for purposes of exemplifying a typical 
absorbent article, such as a diaper or feminine napkin. One of ordina^r skill will be 
able to make a variety of different absorbent constmcts using the concepts taught 
herem. For example, a typical construction for an adult incontinence absorbent 
structure .s shown in FIGURE 4. The article 50 comprises a facing sheet 16. unitary 
absorbent layer 10. a storage layer 20. and a backing sheet 18. The-facing sheet 16 is 
pervious to liquid while the backing sheet 18 is impervious- to liquid In this 
constnict a hquid pervious tissue 22 composed of a polar, fibrous material is 
positioned between acquisition composite 10 and storage layer 20 

Referring to FIGURE 5. another absorbent article includes a backing sheet 18 
a storage layer 20. an intennediate layer 24. unitaiy absorbem layer 10. and a fac.i.. 
sheet 16.^ The intermediate layer can be incorporated into the article to increase the 
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article's integrity or as a distribution layer to enhance the distribution of liquid from 
the acquisition layer to the storage layer. The intermediate layer 24 contains, for 
example, a densified fibrous material such as a combination of cellulose acetate and 
triacetin. which are combined just prior to forming the article. The intermediate 
layer 24 can thus bond to both the unitary absorbent layer 10 and the storage layer 20 
to form an absorbent article having significantly more integrity than one in which the 
umtary absorbent layer and storage layer are not bonded to each other The 
hydrophilidty of layer 24 can be adjusted in such a way as to create a hydrophilicity 
gradient among layers 10, 24 and 20. It should be understood that an independent 
mtermediate layer is not required in order to get layer to layer bonding. When one of 
two adjacent layers or both layers contain a binder, if the two layers are brought 
together when the bonding medium is still active, bonding between the two layers will 
occur and provide a stronger composite compared to a composite lacking any 
bonding. 

The unitary absorbent layer of the present invention improves the wet and dry 
integrity, surface dryness, rewet performance, and acquisition rate of absorbent 
products and articles that incorporate the absorbent layer. The unitary absorbent layer 
also provides increased pad integrity, improved appearance, and a reduction in wet 
collapse during use for absort)ent products that incorporate the composite. 
Furthermore, because the unitary absorbent layer can be manufactured and delivered 
in web form, absorbent product manufacturing processes that include the absorbent 
layer are simplified relative to manufacturing processes that involve the handling of 
bales of crosslinked fibers or fluff pulp. 

EXAMPLES 

The following examples are provided for the purposes of illustration, and not 
limitation. 

Example 1 

Unitary Absorbent Laver For mation: Lahnrator-y Foam Method 
This example illustrates a laboratory foam method for forming a representative 
30 unitary absorbent layer of the presem invention. In this_example^-the absorbent 
acquisition is composed of 80% crosslinked cellulose fibers (Weyerhaeuser Co) and 
20% Celbond® T- 105 (Hoechst Celanese). 
Fiber Preparation 

A lab size Waring blender was filled with 4L of water and Celbond® T-I05 
was added. The mixture was blended for short time to "open" the synthetic fibers. 
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The crosslinked cellulose fibers were th^n .aa a . 

iiucia were then added to the CelhonW® t iac/ 
mixture and blended fnr at i^^ct - ^eioond*' T-105/water 

/approximately Ig active surfactant solids per gram fiber was aHH.^ tu 

r rrrrr^. - ^-^^^ - -":r<.r 

out one minute, the mixing was terminated, and then restarteH fi.r .u 
minute at constant mixer blade height Th. r u- . -restarted for another 

aheet Formafir.n 

The crosslinked cellulose fiber-Celbond® T in«; *x 

Example 2 

UnitaoLAbso^^ rommercialFoamM^ 
This example illustrates a commercial foam method for • 

riber Preparation 

Foam-fiber mixtures were prepared by combimng dry Sbers^th surfS,.,. , 
and „.x.„g for approximately 2 minutes with ,„ air-e„.rappi„7b,!l ^l 
ceUulose fiber-Ce,bo„d« fiber mixture wa. pUoed i„ a ,Z^ Z 
i>neet Formation 

Using positive displacement pumps the foamv fih^r . 
aescHbed above was pumped to . .nledL.Uylrabt:^^^^^^^^^ 
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cellulos. fiber-Ce,bo„d« fiber rt«ur= was laid dow. The wire wa. passed over .he 

sht couch vacuum. 

The representative unitary absorbent layer was produced by placing the 
resultmg damp sheet in a through air diyer to dry and to effect bonding. 

Example 3 

Method for the Evaluation nf A ^couisition Ti^^ 
Rewet for RenresentativP TTnita iy Absnr^^Pnt T .y^. 
The performance characteristics of representative unitary absorbent layers of 
the present mvention were evaluated by incorporating the unitary absorbent layer into 
a commercally available diaper and comparing the acquisition time and rewet relative 
to a conu-ol d.aper. The control diaper is a commercially available diaper that has 
been modified to include a crosslinked cellulose web having a basis weight of 300 
g/m The acquisition time and rewet were determined in accordance with the 
multiple dose rewet test described below. 

Briefly, the multiple dose rewet test measures the amount of synthetic urine 
released from an absorbent structiire after each of three liquid applications, and the 
time required for each of the three liquid doses to wick into the product 

A preweighed sample of the absorbent structure is prepared for the test by 
determining the center of the stnicture's core, measuring 1 inch to the front for liquid 
application location, and marking with "X," and then placing a liquid application 
fiinnel (minimum 100 mL capacity. 5-7 mIVs flow rate) 4 inches above surface of 
sample. Commercially available diapers are used as conti-ols. and these diapers 
mcorporating the unitary absorbent layer of the present invention were used for the 
comparative evaluation. Diapers incorporating the unitary absori,ent layer were 
prepared by cutting and inserting the unitary absorbent layer into the diapers 

Once the sample is prepared, the test was conducted as follows. Flatten the 
sample, nonwoven side up. onto table top under the liquid application fimnel Fill 
funriel with dose (100 mL) of synthetic urine. Place dosing ring (5/32 inch stainless 
steel, 2 mch ID x 3 inch height) onto the "X" measured on tiie samples. Apply first 
dose of syntiietic urine within the dosing ring. Using a stopwatcl,: record the liquid 
acquisition time in seconds from the time the fimnel valve is opened until the liquid 
wicks mto the product from the bottom of the dosing ring. Wait twenty minutes 
Dunng the 20 minute waiting period after the first dose is applied, weigh a stack of 
filter papers (19-22 g, Whatman «. 11.0 cm or equivalent, preexposed to room 
humidity for minimum of 2 hours before testing). During the second dose waiting 



wo 98/24392 



- 21 - 



PCT/US97/22341 



10 



15 



20 



25 



30 



period, take any dry filter papers left from first dose and add additional dry papers to 
total 29-32 g. During the third dose waiting period, take any dry papers and s - 
additional dry papers to total 39-42 g. Place the stack of preweighed filter papers 
O-e., dry blotter weight in Tables 1-9 below) on center of the wetted area and place 
cylindrical weight (8.9 cm diameter, 9.8 1b.) on top of these papers. Wait two 
minutes. Remove weight and weigh the papers. Record the weight change. Repeat 
the procedure two more times O-e.. for the second and third doses). 

Rewet is reported as the amount of liquid absorbed back into the filter papers 
after each liquid dose (i.e.. weight of wet filter papers - weight of dry filter papers) 

Liquid acquisition time is reported as the length of time (seconds) necessary 
for the liquid to be absorbed into the product for each of the three doses. 

The aqueous solution used in the tests is a synthetic urine available from 
National Scientific under the trade name RICCA. The synthetic urine is a saline 
solution containing 135 meq./l sodium. 8.6 meq./I calcium, 7.7 meq./l magnesium, 
1.94% urea by weight (based on total weight), plus other ingredients. 

Multiple-dose rewet test results for a control diaper and a diaper incorporating 
a representative unitary absorbent layer of the present invention are described in 
Example 4. 

Example 4 

Evaluation of Acquisition Time and Rewet f or a Repre..;entative Unitaiv Ah^nrh^nt 

Layer 

This example compares the acquisition time and rewet performance of a wet 
laid acquisition layer and a representative unitary absoriient layer of the present 
invention. Multiple dose rewet tests were performed as described above in Example 5 
for a commercially available whole diaper (Proctor & Gamble) incorporating an wet 
laid fiber patch (80% crosslinked cellulose fibers and 20% Celbond® T-105, Hoechst 
Celanese) having a basis weight of 70 g/m^ and a diaper incorporating a repr^entativc 
unitary absorbent layer (80% crosslinked cellulose fibers and 20% Celbond® T-105, 
Hoechst Celanese) produced by a process as generally described above in Example l' 
The results are graphically illustrated in FIGURE 6. - _ - .- 
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Example 5 

Evaluation of Wet Tensile Strength for R eoresentafivP 
Unitary Absnrfaent Layers 
This example compares wet tensile strength of an air laid acquisition 
composition to representative unitary absorbent layers of the present invention 
produced by wet and foam laid processes. 

The wet tensUe strength was determined for an air laid 100% crosslinked 
ceUulose fiber acquisition patch (basis weight 300 g/m^) and representative unitary 
absortjent layers (80% crosslinked cellulose fibers and 20% Celbond® T-105) 
produced by a foam formed process. Represemative foam formed absorbent layers 
having basis weights of 40 and 50 g/m\ prepared as generally described above in 
Example 2, were evaluated. 

The tensUe strength of the composites was measured by a horizontal tensile 
test method that measures the tensile and elongation properties of composites using a 
constant rate of elongation (CRE) machine that includes a horizontal jig apparatus 
affixed to a lower crosshead. The test method provides accurate measurements of 
breaking and stretching loads. 

The composites to be tested were conditioned for at least 24 hours at 50% 
relative humidity and 23°C. After conditioning, composite specimens (lOcmx 
10 cm) were cut with a die cutter. The CRE machine was set up by affixing the 
horizontal jig to the lower crosshead with tightening. The upper jaws were then 
removed and a 25 kg load ceU attached to the jig. The CRE controls were then set as 
foUows: crosshead speed 25.4 mm/min.; chart speed 127 mm/min.; gauge length 
between clamps set to 50.8 mm. The CRE machine was then calibrated and sufficient 
air pressure (about SOpsi) provided to the clamps. Immediately prior to testing, the 
specmiens were placed on a wire mesh and immersed in a liquid (synthetic urine) until 
saturated. The specimen was allowed to drain before being carefiiUy placed onto the 
jig. The composite specimen was then clamped to thejig and the mesh removed. The 
CRE was then activated and the test continued until the specimen was torn. 

The results demonstrate that foam formed unitary absorbent_Jayers had wet 
tensile strengths significantly greater than the air laid composite. While the air laid 
composite (basis weight 300 g/m2) had a wet tensile strength that was not measurable 
by the test method, the representative foam formed unitary absorbent layers having 
basis weights of 40 and 50 g/m2 had wet tensile strengths of about 90 and 120 g/inch, 
35 respectively. 



20 



25 



30 



PCrAJS97/22341 

-23 - 



While the preferred embodiment of the invention has been illustrated and 
described, it will be appreciated that various changes can be made therein without 
departing from the spirit and scope of the invention. 
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The embodiments of the invention in which an exclusive property or privilege 
IS claimed are defined as follows: 

1. An absorbent layer comprising crosslinked cellulosic fibers and a 
bmder. wherein the absorbent layer has a uniform porous stnicture. 

2. The absoAent layer of Claim 1 further comprising noncrosslinked 

fibers, 

3. The absorbent layer of Claim 1 further comprising synthetic fibers. 

4. The absort,ent layer of Claim 3 wherein the synthetic fibers are 
selected fi-om the group consisting of polyethylene terephthalate. polyethylene 
polypropylene, nylon, and rayon fibers. 

5. The absorbent layer of Claim 3 wherein the synthetic fibers have a 
length up to about 2 inches. 

6. The absorbent layer of Claim 3 wherein the synthetic fibers have a 
length fi-om about 0.25 to about 1.25 inches. 

7. The absorbent layer of Claim 3 wherein the synthetic fibers have a 
denier from about 5 to about 20. 

8. The absorbent layer of Claim 3 wherein the synthetic fibers are 
cnmped fibers. 

9. The absorbent layer of Claim 1 wherein the binder is present in an 
amount from about 10 to about 30 percent by weight of the total composite. 

10. The absorbent layer of Claim 1 wherein the binder is selected from the 
group consistmg of thermoplastic and thermosetting bonding agents: 

11. The absorbent layer of Claim 10 wherein the thermoplastic bonding 
agent is a multicomponent binding fiber. 
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12. The absorbent layer of Claim I wherein the binder is a wet strength 
agent ,s selected from the group consisting of a polyamide-epichJorohydrin resin and . 
polyacrylanude resin. 

13. The absorbent layer of Claim 1 having a basis weight from about 40 to 
about 400 g/m . 

14. The absorbent layer of Claim 1 having a density from about 0 04 to 
about 0.10 g/m^. 

15. The absorbent layer of Claim 1 further comprising a superabsorbent 
polymeric material. 

16. The absorbent layer of Claim I having a basis weight of about 50 g/m^ 
and a tensile strength of about 120 gAnch. 

17. The absorbent layer of Claim 1 having a basis weight of about 40 g/m^ 
and a tensile strength of about 90 g^mch. 

18. An absorbent layer comprising crosslinked cellulose fibers and 
mulucomponent binding fibers, wherein the absorbent layer has a uniform porous 
structure. 

19. The absorbent layer of Claim 18 further comprising polyethylene 
terephthalate fibers. 

20. The absorbent layer of Claim 18 wherein the crosslinked fibers and 
binding fibers are thermally bonded. 

21. An absorijent article comprising an absorbent layer comprising 
crosslinked cellulosic fibers and a binder, wherein the absortDent layer has a uniform 

porous structure. 

22. An absorbent article comprising: 

(a) a liquid pervious topsheet; 

(b) an absorbent layer comprising crosslinked cellulosic fibers and a 
binder, wherein the absorijent layer has a uniform porous structure; and 

(c) a liquid impervious backsheet. 
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23 An absorbent article comprising: 

(a) a liquid pervious topsheet; 

(b) an absorbent layer comprising crosslinked cellulosic fibers and a 
binder, where.n the absorbent layer has a uniform porous stnicture- 

(c) a storage stratum comprising an absorbent fibrous material; and 
W a liquid impervious backsheet. 

24. An absorbent article comprising: 

(a) a liquid pervious topsheet; 

(b) an absorbent layer comprising crosslinked cellulosic fibers and a 
binder, wherein the absorbent layer has a uniform porous stra:cture; 

(c) a storage layer comprising an absorbent fibrous material- 
storage layer; Z ''''' '^y- »He 

(e) a liquid impervious backsheet. 

25. The absorbent article of Claim 24 wherein the intermediate layer 
composes a liquid pervious tissue. 

com .■'^u "^"'^ "'^^^'^ the intermediate layer 

comprises a distnbution layer. 

27. The absori,ent article of Claim 26 wherein the distribution layer 
comprises hydrophilic fibers and a binder. 

comn J^j;^--*-^ Of Claim 27 wherein the hydrophiUc fibers 

compnse crosslinked cellulosic fibers. 

29. The absort^ent article of Claim 26 wherein the distribution layer fiirther 
compnses superabsorbent polymeric material. 

product'^' themTcle'is"; feminine care 

31. The absorbent article of Claim 23 wherein the article is a diaper. 
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32. The absorbent article of Claim 25 wherein the article is an incontinence 
product. 

33. The absorbent article of Claim 26 wherein the article is a diaper. 
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